A 14-bp functional deletion within the CMTM2 gene is significantly associated with litter size in goat.
CKLF-like MARVEL transmembrane domain-containing 2 (CMTM2) plays an important role in animal reproduction, and abnormal CMTM2 expression leads to spermatogenesis disorders. This study was conducted to assess the role of CMTM2 in goat reproduction by investigating an insertion/deletion (indel) variation and its effect on litter size, and to reveal its functional mechanism. A 14-base pair (bp) indel was found at position -861 to -848 nt of the CMTM2 promoter in 1131 female Shaanbei white cashmere goats. Association analyses revealed that the 14-bp indel in dams was significantly correlated with the size of the first litter (P = 0.013), with the 14-bp deletion significantly decreasing litter size. Moreover, litter size at first kidding was significantly correlated with genotype frequencies (P = 0.019). Expression of the goat CMTM2 gene was detected in testes and ovaries. In male, CMTM2 was increased after the initiation of meiosis in the developing testis. In female, CMTM2 expression was higher in ovary from multiple prolific goats at first kidding compared to non-prolific goats. Moreover, both in testis after initiation of meiosis and in ovary, the homozygous 14-bp inserted genotype II was associated with increased CMTM2 expression compared to the heterozygous genotype ID (P < 0.05). To further explore whether the 14-bp indel was located in the core promoter activity region of the CMTM2 promoter, the five recombinant plasmids pGL3-pro1 (-1756 to +83), pGL3-pro2 (-1200 to +83), pGL3-pro3 (-763 to +83), pGL3-pro4 (-496 to +83), and pGL3-pro5 (-205 to +83) were co-transfected with pRL-TK into HEK293T and GC-1 cells. A luciferase reporter assay showed that the pGL3-pro2 and pGL3-pro5 vectors produced significantly stronger luminescence than the other vectors. Interestingly, the 14-bp indel locus was included in the pGL3-pro2 plasmid, suggesting that the indel was functional. Subsequently, the two recombinant plasmids pGL3-pro2-inserted-allele and pGL3-pro2-deleted-allele were co-transfected with pRL-TK into HEK293T and GC-1 cells, respectively. The luciferase reporter assay demonstrated that the deleted allele of CMTM2 showed significantly lower luminescence activity than the inserted allele (P < 0.05), which corresponded to a decrease in litter size in the deletion-deletion genotype. Therefore, our results suggest that a 14-bp deletion in the promoter region of CMTM2 is significantly correlated with litter size in goats; this marker seems promising for breeding selection for improving economically important traits in goats.